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On page 78 , immediately preceding the heading "CLAIMS", please insert the enclosed text entitled 
"SEQUENCE LISTING". 
IN THE CT.ATMS - 

Please replace Claim 10 with the following rewritten claim: 

- 1 0. (Amended) The non-naturally occurring IA protein according to claim 1 whereinsaid IA protein 

comprises an aminoacidsequenceselectedfromthegroupofaminoacidsequencesshowninFigure 
3A, F,gure3B, Figure3C, Figure 3D, FigureSE, FigureSF, FigureSG, Figure4A, Figure4B, Figure4C, 
Figure 4D, Figure 4E, Figure 4F, Figure 4G, Figure 5A, Figure 5B, and Figure 5C (SEQ ID NOS7-23).- 

REMARKS 

The specification has been amended to include a Sequence Listing and proper reference to 
mesequencesthereinandto^^ 
ofthechangesmadeto^ 
"Version With Marking t p Show Chanp ^ » 

Entry of this amendment is respectfully requested. The amendments are made in adherence 
with37C.F.R.§ 1.821-1.825. Thisamendmentisaccompaniedbyafloppy disk containing the above 
named sequence listing, SEQUENCE ID NUMBERS 1 -23, in computer readable form (CRF), and 
apaper copyofthe sequence information. The computerreadable sequence listmg was prepared through 
use of the software program "Patentln" provided by the PTO. The sequence listing information 
containedinthecomput^^^ 
nonewmatter. Applicantsubmitsto^^ 
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listing, and the paper copy thereof serve to place this application in a condition of adherence to the 
rules 37 C.F.R. § 1.821-1.825. 

Pleasedirectanycallsinconnectionwiththi S applicationtotheundersignedat(415)781-1989. 

Respectfully submitted, 



Dated: 



Four Embarcadero Center 
Suite 3400 

San Francisco, CA 941 1 1-4187 
Telephone: (415)781-1989 



FLEHR HOHBACH TEST 
ALBRITTON & HERBERT LLP 




:enee M. Kosslak, R/g. No. 47,7V7 for 
Robin M. Silva, Reg. No. 38,304 



1062519 



-17- 



Serial No.: 09/574,443 
Filed: May 19,2000 

VERSION WITH MARKINGS TO SHOW CHANGES MADE 
IN THE SPECIFICATION : 

Paragraph beginning at page 5, line 15, has been amended as follows: 

— In accordance with the objects outlined above, the presentinvention providesnon-naturallyoccurring 
insulinactivity (IA) proteins(e.g. the proteins are not found in nature) comprising amino acid sequences 
that are less than about 98% identical to human insulin. The IA proteins have at least one altered 
biological property of an insulin protein; for example, the IA proteins will be more stable than insulin 
and bind to a cell comprising an insulin receptor. Thus, the invention provides IA proteins with amino 
acid sequences that have at leastabout 1 -20 aminoacid substitutionsas comparedto the human insulin 
sequence shown in Figure 1B (SEQ ID NO:2) .- 

The section titled "BRIEF DESCRIPTION OF THE DRAWINGS", beginning on page 6, line 21, 
has been amended as follows: 

— Figure 1 A (SEQ ID NO:1) depicts the amino acid sequence of the insulin precursor (GenBank 
accession #P01 308, #AAA591 73). Amino acid residues 1 -24 represent the signal peptide; amino acid 
residues25-54 representee mature B-chain; aminoacid residues90-110 represent the mature A-chain. 

Figure 1B (SEQ ID NO:2) depicts the amino acid sequence of human insulin [GenBank accession 
#229122; Nicol and Smith, Nature 187:483-485 (1960)], which is used herein for PDA design and for 
reference of aminoacid positions. TheA-chaincomprisesaminoacidresidues1-21 (sometimes referred 
to as A1 through A 21 ) and the B-chain comprises residues22-51 (sometimesreferredto as B1 through 
B30), respectively. 

Figure 1 C depicts the amino acid sequences of the A-chains of human insulin (1 TRZ: A and 1 TRZ:C; 
SEQIDNOS:3&5 ) and B-chains of human insulin (1TRZ:B and 1TRZ:D : SEQ ID NOS:4 & 6 ) as used 
in determination of the structure of insulin (T3R3) complex with two zinc ions [PDB entry 1TRZ; Ciszak 
and Smith, Biochemistry 33(6):1 512-7 (1994)]andsecondarystructureelements. Secondary structure 
element legend: H, alpha helix (4-helix); B, residue in isolated beta bridge; E, extended strand, 
participates in beta ladder; G, 310 helix (3-helix); I, pi helix (5-helix); T, hydrogen bonded turn; S, bend. 
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Figure2Adepictsthestructureofawild type insulin monomer with side chains fordisulfide bonds (A6- 
A11, A7-B7, and A20-B19) and the B-Ala14 side chain shown. 

Figure 2B depicts the structure of a wild type insulin hexamer. 

Figure 2C depicts a closeup of the B14, B5 design region in the insulin hexamer. 

Figure 3 shows preferred IA protein sequences from PDA designs involving disulfide rep.acement 

Am.noacdchangeswhencomparedtowildtypehumaninsulinareindicatedinbo.dandareunderlined. 

Figure 3A (S EQIDN0.7) shows a preferred IA protein sequence from PDA design 'cysl ■. 

Figure 3B (SE^IDNOS) shows a preferred .A protein sequence from PDA design 'cys77a'. 

Figure 3C ISJEQJDM^ shows a preferred |A protejn sequence from ^ ^ 

Figure 3D ISjEOJDJ^ shows a preferred IA protein sequence from PDA design ' C ys77d'. 

Figure 3E (SEQIDNO:11) shows a preferred IA protein sequence from PDA design 'cys77d + '. 

Figure 3F iSEQJDmm shows a preferred IA protein sequence from PDA design 'helix 24'. 

Figure 3G fSEQJDNOIS) shows a preferred IA protein sequence from PDA design 'cys-4-. For this 
design, a "-" in the sequence indicates a deletion. 

Figu^GISEQ!^ 

mutat.onswhichpromoteinsu.inhexamerformation.Aminoacidchangeswhencomparedtowildtype 
human insulin are indicated in bold and are underlined. 

F^e^haw, Figures 5A-50(SFQ !D N ns->1 ^ preferred IA protein sequences from PDA 
des,gns involving global redesigns for improved stability. Amino acid changes when compared to wild 
type human insulin are indicated in bold and are underlined. 

Figure 5A (SEQJDN^ shows a preferred IA protein sequence from PDA design 'trz_06'. 
Figure 5B (SEQ ID NO:??) shows a preferred IA protein sequence from PDA design 'trz_7b'. 
Figure 5C (SJ^JDj^ snows a preferred |A protejn ^ ^ ^ ^ 

Figure 6 depicts the synthesis of a full-length gene and all possible mutations by PGR. Overlapping 
oligonucleotides corresponding to the full-length gene (black bar, Step 1 ) and comprising 
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desired mutations are synthesized, heated and annealed. AdditionofDNApolymeraseto the annealed 
oligonucleotides results in the 5' to 3' synthesis of DNA (Step 2) to produce longer DNA fragments 
(Step 3). Repeated cycles of heating, annealing, and DNA synthesis (Step 4) result in the production 
of longer DNA, including some full-length molecules. These can be selected by a second round of 
PCR using primers (indicated by arrows) corresponding to the end of the full-length gene (Step 5). 

Figure 7 depicts a preferred scheme for synthesizing an IA protein library of the invention. The wild 
type gene, or any starting gene, such as the gene for the global minima gene, can be used. 
Oligonucleotidescomprisingsequencesthat encode different amino acids at the different variant positions 
(indicated in the Figure by box 1 , box 2, and box 3) can be used during PCR. Those primers can be 
used in combination with standard primers. This generally requires fewer oligonucleotides and can 
result in fewer errors. 

Figures 8A and 8B depict an overlapping extension method. At the top of Figure 8A is the template 
DNA showing the locations of the regions to be mutated (black boxes) and the binding sites of the 
relevant primers (arrows). The primersRI and R2representa pool of primers, each containinga different 
mutation; as described herein, this may be done using different ratios of primers if desired. The variant 
position is flanked by regionsofhomologysufficientto get hybridization. Thus, as shown in this example, 
oligos R1 and F2 comprise a region of homology and so do oligos R2 and F3. In this example, three 
separate PCR reactions are done for step 1 . The first reaction contains the template plus oligos F1 
andR1.ThesecondreactioncontainstemplateplusoligosF2 and R2,and the third contains the template 
and oligos F3 and R3. The reaction products are shown. In Step 2, the products from Step 1 tube 
1 and Step 1 tube 2 are taken. After purification away from the primers, these are added to a fresh 
PCR reaction together with F1 and R4. During the denaturation phase of the PCR, the overlapping 
regions anneal and the second strand is synthesized. The product is then amplified by the outside 
primers, F1 and R4. In Step 3, the purified product from Step 2 is used in a third PCR reaction, together 
with the product of Step 1, tube 3 and the primers F1 and R3. The final product corresponds to the 
full length gene and contains the required mutations. Alternatively, Step 2 and Step 3 can be performed 
in one PCR reaction. 

Figures 9A and 9B depict a ligationof PCR reaction productsto synthesize the libraries of the invention. 
In this technique, the primers also contain an endonuclease restriction site (RE), either generating 
blunt ends, 5' overhanging ends or 3' overhanging ends. We set up three separate PCR reactions for 
Step 1 . The first reaction contains the template plus oligos F1 and R1 . The second reaction contains 
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temple p,uso, ig < K F2a„dR2,a„dmeth,rdco nt ain slt ,e,e m p 1 a te ando,^F3andR3. The reason 

p ro duc te ar e shown. ln S.ep2,(he pra duc te o,S,ep,ar ep uh fie dand, l , e ndi 9 es,ed„i,h t heapp ropr ia t e 
res*ct ro n endonuciease. The digests prod U c ( s from S,ep 2, tube 1 and Step 2. tube 2 are ligated 
.ogthe, with DNA tigase ,S,ep 3, The products are then ampiined in Step 4 using oiigos F1 and R4 
The whoie process is then repeated by digesting the ampfed products, iigating them to the digested 
products of Step 2. tube 3, and then ampiifying the , na, product using ol«jos F1 and R3. ,, wou W a,so 
be possible ,o Bgate ai, three PGR products from Step , together in one reaction, providing the two 
restriction sites (REIand RE2) were different. 

Figure 1 0 depicts biunt end ligation of PGR products. ,n this technique. Cgos such as F2 and R 1 or 
R2 and F3 do not overlap, but tbey abut Again three separate PGR reactions are performed The 
products from tube , and tube 2 (see Figure 9A, Step „ are ligated, and then amplified wKh outside 

pnmersF1andR4.Thisproductisthen lig a,edw l ,h,heproduc.fromStep1.,ube3.T h e fi nalproducts 

are then amplified with primers F1 and R3. - 

In section titled "DETAILED DESCRIPTION OF THE INVENTION," paragon beginning 
at page 22, line 12, has been amended as follows: 

- in one aspect of this embodiment, the iA protein of the invention has a. teas, one different residue 
from the human insulin sequence. Preferred IA protein sequences composing a substitution of one 
ammo acd reeidye residue are shown in Figures 4B, 4C. 4D. 4F, and 4G (SEQIDNOS ,s.,7 , o s 

20),- " J — 

Paragraph beginning at page 22, line 1 5, has been amended as follows: 
-inanotheraspectofthisembo^ 

from the human insulin sequence. Preferred IA protein sequences comprising a substitution of two 
am.no acd residues are shown in Figures 3C, 3F, 4A, and 4E (SEQ ID NOSfl 1, -u*^ 

Paragraph beginning at page 22, line 18, has been amended as follows: 

-lnanoth e raspectofthisembodiment.the.Aproteinofthein V entionhasat.eastthreedifferentresidues 

from the human insulin sequence A rjreferrpH ia nmtoir. o«„ 

Huence. a prererred IA protein sequence comprising a substitution of three 

ammo acid residues is shown in Figure 3E (SEQ ID IMQ-11) — 
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Paragraph beginning at page 22, line 21, has been amended as follows: 

- In another aspect of thisembodiment, the lAproteinoftheinventionhas at least four different residues 
from the human insulin sequence. Preferred IA protein sequences comprising a substitution of four 
amino acid residues are shown in Figures 3C, 3F, 4A, and 4E (SEQ ID NOS:9, 12. 14 & 18) .- 

Paragraph beginning at page 22, line 26, has been amended as follows: 

- In another aspect of this embodiment, the I A protein of the invention has at least six different residues 
from the human insulin sequence. A preferred IA protein sequence comprising a substitution of six 
aminoacidresiduesis shown in Figure 5A (SEQ ID NO:21 ) . A preferred I A protein sequencecomprising 
a substitution of two amino acid residues and a deletion of four amino acid residues is shown in Figure 
3G fSEQIDNO:13) .- 

Paragraph beginning at page 23, line 15, has been amended as follows: 

- In another aspect of this embodiment, the IA protein of the invention has at least fourteen different 
residues from the human insulin sequence. A preferred IA protein sequence comprising a substitution 
of fourteen amino acid residues is shown in Figure 5B (SEQ ID NO:22) - 

Paragraph beginning at page 23, line 20, has been amended as follows: 

- In another aspect of this embodiment, the IA protein of the invention has at least sixteen different 
residues from the human insulin sequence. A preferred IA protein sequencecomprising a substitution 
of sixteen amino acid residues is shown in Figure 5C (SEQ ID NO:23) . - 

Paragraph beginning at page 23, line 23, has been amended as follows: 

- In another aspect of this embodiment, the IA protein of the invention has at least twenty different 
residues from the human insulin sequence. A preferred IA protein sequence comprising a substitution 
of twenty amino acid residues is shown in Figure 3A (SEQ ID NO:7) - 

Paragraph beginning at page 27, line 5, has been amended as follows: 
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- The insulin may be from any number of organisms, with insulins from mammals being particularly 
preferred. Suitable mammals include, but are not limited to, rodents (rats, mice, hamsters, guinea 
pigs, etc.), primates, farm animals (including sheep, goats, pigs, cows, horses, etc) and in the most 
preferred embodiment, from humans( the sequenceof which is depicted in Figure 4 1 B (SEQ ID NO:2 ). 
As will be appreciated by those in the art, insulins based on insulins from mammals other than humans 
may find use in animal models of human disease. The GenBank accession numbers for a variety 
of mammalian insulin species is as follows: bovine, IPBO; dog, IPDG; sheep, INSH; cat, INCT; pig, 
IPPG; mouse, INMS1 , INMS2; rat, IPRT1 , IPRT2; horse, IPHO; rabbit, INRB; guinea pig, IPGP; hamster, 
INHY; goat, INGT, chimpanzee, A42179; green monkey, B42179; and human IPHU - 

Paragraph beginning at page 32, line 9, has been amended as follows: 

-The IA proteins and nucleic acids of the inventionaredistinguishablefrom naturally occurring insulins. 
By "naturally occurring" or "wild type" or grammatical equivalents, herein is meant an amino acid 
sequence or a nucleotide sequence that is found in nature and includes allelic variations; that is, an 
amino acid sequence or a nucleotide sequence that usually has not been intentionally modified. 
Accordingly, by "non-naturally occurring" or "synthetic" or "recombinant" or grammatical equivalents 
thereof, herein is meant an amino acid sequence or a nucleotide sequence that is not found in nature; 
that is, an amino acid sequence or a nucleotide sequence that usually has been intentionally modified. 
It is understood that once a recombinant nucleic acid is made and reintroduced into a host cell or 
organism, it will replicate non-recombinantly, i.e., using the in vivo cellular machinery of the host cell 
ratherthan //7 v/fro manipulations, however, such nucleicacids, once produced recombinantly, although 
subsequently replicated non-recombinantly, are still considered recombinant for the purpose of the 
invention. A representative amino acid s e qu e nc e s sequence of a naturally occurring human insulin 
is shown in Figure 4 1B (SEQ ID NO:2) . It should be noted that unless otherwise stated, all positional 
numbering of IA proteins and IA nucleic acids is based on these sequences this sequence . That is, 
as will be appreciated by those in the art, an alignment of insulin proteins and IA proteins can be done 
using standard programs, as is outlined below, with the identification of "equivalent" positions between 
the two proteins. Thus, the IA proteins and nucleic acids of the invention are non-naturally occurring; 
that is, they do not exist in nature- 
Paragraph beginning at page 32, line 27, has been amended as follows: 
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ryPe<ns U l,nsequenceby a tle a st2%ofthere S id U es That is th» ,a „ m , ■ , 

embo dl ments the homology will be as low as about 75 to 80°/ Innth ! * 
will be as low 50-70% Stated h« « . ' embodim ents the homology 

' — w^imu.^j , ia proteins have at least about 1 residup that h\h^ < 

===rn==r-: — :r -~ — ~ 
=.~zr=rr 

Paragraph beginning a, page 34 _ line has ^ ^ ^ 

-T,ea, ig „ me „ tmayincludetneintroduct|onofgapsinth 

Paragraph beginning « page 34 , line ^ has ^ _ ^ 

- Thus ,A P ro,eins o, the presen, invenfion may be shorter or ,on 9 e r man ,he a mi „„ac* stance 

homccoy; c, and prefer^ have ,A bfciogica, acM y as defined herein.- 
Paragraph beginning a, page 35, line I8; has been amended as foiiows.. 
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- Human insulin core residues are as follows: positions A2, A3, A16, B11, B15, and B24, whereby 
"A" refers to a residue in the A-chain of insulin and the number identifies the position within the A-chain. 
Accordingly, "B" refers to a residue in the B-chainof insulinand the number identifies the position within 
the B-chain. In the context of the mature insulin, the A-chain comprises residues 1-21 and the B-chain 
residues 22-51 of the amino acid sequenceshown in Figure 1 B (SEQIDNO:2) . In some embodiments, 
when referred explicitly to the B-chain, residues 22-51 are also referred to B1 - B30, respectively. 
Accordingly, in a preferred embodiment, IA proteins have variable positions selected from positions 
A2, A3, A16, B11, B15, and B24.- 

Paragraph beginning at page 37, line 1 1, has been amended as follows: 

- In a preferred aspect of this embodiment, the I A protein comprises the amino acid sequence shown 
in Figure 5A (SEQ ID NO:21) . This sequence shows 6 amino acid substitution (11-12% divergence 
from the wild type insulin sequence) and comprises A1-N, A10-Q, A16-Y, B1-D, B25-N, and B27-D - 

Paragraph beginning at page 37, line 14, has been amended as follows: 

- In another aspect of this embodiment, the I A protein comprises the amino acid sequence shown 
in Figure 5B (SEQ ID NO:22) . This sequence shows 14 mutation (27-28% divergence from the wild 
type insulin sequence) and comprises A1-N, A10-Q.A16-Y, A17-Y, A19-F, B1-D, B2-K, B4-F, B11-I, 
B12-R, B14-W, B25-N, B26-F, and B27-D.- 

Paragraph beginning at page 37, line 18, has been amended as follows: 

- In one preferred aspect of this embodiment, the I A protein comprises the amino acid sequence shown 
in Figure 5C (SEQ ID NO:23) . This sequence shows 16 mutation (31-34% divergence from the wild 
type insulin sequence) and comprises A1-N, A10-Q, A16-Y, A17-Y, A19-F, B1-D, B2-K, B4-F, B8-L, 
B11-I, B12-R, B14-W, B25-N, B26-F, B27-D, and B28-N.- 

Paragraph beginning at page 38, line 8, has been amended as follows: 

- In one aspect of this embodiment, the IA protein comprisesthe amino acid sequence shown in Figure 
3A (SEQIDNO:7) . This sequence shows 20 mutation (39-40% divergence from the wild type insulin 
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sequence)andcomprisesA1-N,A2-l,A6-A,A7-S,A10-Q.A11-A,A16-l,A17-Y,A19-F A20-D B1-D 
B4-F, B7-Y, B1 1-1, B12-R, B14-W, B19-A, B25-N, B26-F, and B27-D.- 

Paragraph beginning at page 38, line 21, has been amended as follows: 

-InoneaspectofthisembodimenUhelAproteincomprisestheaminoacidsequenceshowninF^ 
3B (SEfilDNOm. This sequence shows 4 mutation (8% divergence from the wild type insulin 
sequence) and comprises A7-S, B2-E, B4-Y, and B7-Y- 

Paragraph beginning at page 38, line 24, has been amended as follows: 

- in another aspect of this embodiment, the .A protein comprises the amino acid sequence shown 
inFigureaCiMQiD^^^ 

sequence) and comprises A7-S, and B7-D- 

Paragraph beginning at page 38, line 27, has been amended as follows: 

- In a preferred aspect of this embodiment, the .A protein comprises the amino acid sequence shown 
in Figure 3D (SE^DNOIO). This sequence shows 4 mutation { S% divergence from the wi,d type 
insulin sequence) and comprises A7-S, B2-T, B4-Y, and B7-Y - 

Paragraph beginning at page 39, line 1, has been amended as follows: 

- in another aspect of this embodiment, the IA protein comprises the amino acid sequence shown 
m Figure 3E (SEQiDNOII). This sequence shows 3 mutation (6% divergence from the wi.d type 
insulin sequence) and comprises A7-S, B4-Y, and B7-Y.- 

Paragraph beginning at page 39, line 4, has been amended as follows: 

-InoneaspectofthisembodimenUhelAproteincomprisestheaminoacidsequenceshowninFigure 
3F L SEQ ID NO-17) . This sequence shows 2 mutation (4% divergence from the wild type insulin 
sequence) and comprises A7-S, B7-E- 

Paragraph beginning at page 39, line 7, has been amended as follows: 
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- In another preferred aspect of this embodiment, the I A protein comprises the amino acid sequence 
shown in Figure 3G (SEQ ID NO:13) . This sequence shows 2 mutation and 4deletions at positions 
B1 to B4 (12% divergence from the wild type insulin sequence) and comprises A7-E and B7-E- 

Paragraph beginning at page 40, line 9 5 has been amended as follows: 

- In one aspect of this embodiment, the IA protein comprises the amino acid sequence shown in Figure 
AC (SEQ ID NO:16) . This sequence shows only 1 mutation (2% divergence from the wild type insulin 
sequence) and comprises B14-F. This IA protein does not bind efficiently a phenol preservative, 
however, it still forms a hexamer - 

Paragraph beginning at page 40, line 13, has been amended as follows: 

- In another aspect of this embodiment, the IA protein comprises the amino acid sequence shown 
in Figure 4D (SEQ ID NO:17) . This sequence shows only 1 mutation (2% divergence from the wild 
type insulin sequence) and comprises B14-W. This IA protein does not bind efficiently a phenol 
preservative, however, it still forms a hexamer .- 

Paragraph beginning at page 40, line 17, has been amended as follows: 

- In another aspect of this embodiment, the IA protein comprises the amino acid sequence shown 
in Figure 4F (SEQ ID NO:19) . This sequence shows only 1 mutation (2% divergence from the wild 
type insulin sequence) and comprises B14-Y. This IA protein does not bind efficiently a phenol 
preservative, however, it still forms a hexamer - 

Paragraph beginning at page 40, line 21, has been amended as follows: 

- In another aspect of this embodiment, the IA protein comprises the amino acid sequence shown 
in Figure 4G (SEQ ID NO:20) . This sequence shows only 1 mutation (2% divergence from the wild 
type insulin sequence) and comprises B14-I. This IA protein does not bind efficiently a phenol 
preservative, however, it still forms a hexamer - 

Paragraph beginning at page 40, line 26, has been amended as follows: 
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- In one aspect of thisembodiment.the IA protein comprises the amino acid sequence shown in Figure 
4B (SEQIDNO:15) . This sequence shows only 1 mutation (2% divergence from the wild type insulin 
sequence)and comprisesB5-F. This IA protein does not bind efficientlya phenol preservative, however, 
it still forms a hexamer - 

Paragraph beginning at page 41, line 3, has been amended as follows: 

- In one aspect of this embodiment, the IA proteincomprisesthe amino acid sequence shown in Figure 
4A (SEQ ID NO:14) . This sequence shows 2 mutations (42% divergence from the wild type insulin 
sequence) and comprises B5-F and B14-F. This IA protein does not bind efficiently a phenol 
preservative, however, it still forms a hexamer - 

Paragraph beginning at page 41, line 7, has been amended as follows: 

- In another aspect of this embodiment, the IA protein comprises the amino acid sequence shown 
in Figure 4E (SEQ IDNO:18) . This sequence shows 2 mutations (42% divergence from the wild type 
insulin sequence) and comprises B5-F and B14-W. This IA protein does not bind efficiently a phenol 
preservative, however, it still forms a hexamer - 

Paragraph beginning at page 68, line 31, has been amended as follows: 

- Thus, any protein sequence showing mutations at the positions according to Table 1 will potentially 
generate a more stable and active IA protein. In particular those protein sequences found among the 
list of the lowest 101 MC generated sequences (data not shown) have a high potential to result in a 
more stableand active IA protein. A preferred IA sequence derived from the PDA design 'cysl ' is shown 
in Figure 3A (SEQ ID NO:7) . Thissequenceshows20mutationswhencomparedto the wild type insulin: 
G-A1-N, I-A2-L, C-A6-A, C-A7-S, I-A10-Q, C-A11-A, L-A16-I, E-A17-Y, Y-A19F, C-A20-D, F-B1-D, 
Q-B4-F, C-B7-Y, L-B1 1-1, V-B12-R, A-B14-W, C-B19-A, F-B25-N, Y-B26-F, and T-B27-D. Cysteines 
at positions A6, A1 1 , and B1 9 all become Ala, indicating a lack of space at these positions- 
Paragraph beginning at page 69, line 25, has been amended as follows: 
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- Thus, any protein sequence showing mutations at the positions according to Table 2 will potentially 
generate a more stable and active IA protein. In particular those protein sequences found among the 
list of the lowest 101 MC generated sequences (data not shown) have a high potential to result in a 
more stable and active IA protein. A preferred IA sequence derived from the PDA design 'cys77a' 
is shown in Figure 3B (SEQ ID NO:8) . This sequence shows 4 mutations when compared to the wild 
type insulin: C-A7-S, V-B2-E, Q-B4-Y, and C-B7-Y.- 

Paragraph beginning at page 70, line 3, has been amended as follows: 

- PDA design 'cys77b' is similar to PDA design 'cys77a', however, in this calculation only positions 
A7 and B7 were allowed to changeto other residues. The other positions had their amino acid identities 
fixed, but were allowed to change conformation. 'Cys77b 'was a design of only A7-B7, the reduced 
conformational freedom blocked the Tyr mutation from B7. A preferred sequence from this design 
is shown in Figure 3C (SEQ ID NO:9) . This sequence shows 2 mutations, C-A7-S and C-B7-D- 

Paragraph beginning at page 70, line 8, has been amended as follows: 

- PDA designs 'cys77d' and 'cys77d+ ' are the minimal sets of mutations that allow the A7 Ser, B7 
Tyr pair to occur. Preferred sequences from these two designs are shown in Figures 3D and 3E (SEQ 
IDNOS:10&11) .- 

Paragraph beginning at page 70, line 10, has been amended as follows: 

- The sequence shown in Figure 3D (SEQ ID NO: 10) shows 4 mutations, C-A7-S , V-B2-T, Q-B4-Y, 
and C-B7-Y.- 

Paragraph beginning at page 70, line 11, has been amended as follows: 

-The sequence shown in Figure 3E (SEQ ID NO: 1 1 ) shows 3 mutations, C-A7-S , Q-B4-Y, and C-B7- 

Y.- 

Paragraph beginning at page 70, line 14, has been amended as follows: 
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- A preferred sequence obtained from this design is shown in Figure 3F (SEQ ID NO 1 ?) This 
sequence shows 2 mutations, C-A7-S and C-B7-E- 

Paragraph beginning at page 70, line 1 7, has been amended as follows: 

-Apreferredsequenc*obtained^ 

shows 2 substitutions, C-A7-E and C-B7-E and deietions of residues at positions B1 to B4 This ,A 
protein generates moreroom for A7-B7- 

Paragraph beginning at page 72, line 12, has been amended as follows: 

-Preferred.AsequencesobtainedfromthisPDAcaicu.ationandcomprisingon.yBHsubst^ 
are shown in Figures 4C, 4D, 4F, and 4G (SEQ ID NQS1R-17 sl io-on| 

Paragraph beginning at page 72, line 1 7, has been amended as follows: 

-Other substitutions * B14 with similar effects a^ 

(Fig^G^EQ^^ 

for B5 substitutions.- 



Paragraph beginning at page 72, line 30, has been amended 



as follows: 



- A preferred .A protein sequence comprising a B5 substitution only is shown in Figure 4B fSEQ ID 
NO:15) .- 

Paragraph beginning at page 73, line 6, has been amended as follows: 

-Anycombinationoftheab^^ B14-Phe/B5 Trp 

Zrer he ' B14 " T ~ B1 ^ 

Paragraph beginning at page 74, line 12, has been amended as follows: 
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- A preferred IA protein sequence from the PDA calculation 'trz_06' is shown in Figure 5A (SEQ ID 
NO:21) . This sequence shows 6 mutationswhen compared to the wild type insulin sequence, G-A1 -N, 
I-A10-Q, L-A16-Y, F-B1-D, F-B25-N, and T-B27-D.- 

Paragraph beginning at page 74, line 15, has been amended as follows: 

-A preferred IA protein sequence from the PDA calculation 'trz_07b' is shown in Figure 5B (SEQ ID 
NO:22) . This sequence shows 1 4 mutationswhen comparedto the wild type insulin sequence, G-A1 -N, 
l-AIO-CL-AIS-Y.E-A^-Y.Y-AIQ-F.F-BI-D.V^-K, Q-B4-F, L-B11-I, V-B12-R, A-B14-W.F-B25-N, 
Y-B26-F and T-B27-D.- 

Paragraph beginning at page 74, line 18, has been amended as follows: 

-A preferred IA protein sequence from the PDA calculation 'trz_08' is shown in Figure 5C (SEQ ID 
NO: 23) . Thissequenceshows 16 mutationswhen comparedto the wild type insulinsequence,G-A1-N, 
I-A10-Q, L-A16-Y, E-A17-Y, Y-A19-F, F-B1-D, V-B2-K, Q-B4-F, G-B8-L, L-B1 1-1, V-B12-R, A-B14-W, 
F-B25-N, Y-B26-F, T-B27-D and P-B28-N.- 

On page 78, immediately precedingthe heading "CLAIMS", the enclosed text entitled " SEQUENCE 
LISTING" was inserted into the specification. 

IN THE CLAIMS : 

Claim 10 has been amended as follows: 

- 10. (Amended) The non-naturally occurring IA protein according to claim 1 wherein said IA 
protein comprises an amino acid sequence selected from the group of amino acid sequences shown 
in Figure 3A, Figure 3B, Figure 3C, Figure 3D, Figure 3E, Figure 3F, Figure 3G, Figure 4A, Figure 
4B, Figure4C, Figure 4D, Figure 4E, Figure 4F, Figure 4G, Figure 5A, Figure 5B, and Figure 5C (SEQ 
ID NOS:7-23) .- 
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